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ABSTRACT 


A distortion monitor for a non-linear device is provided. The 
control circuit includes an input coupleable to receive a 
signal from the non-linear device and a first frequency 
monitor coupled to the input. The frequency monitor moni- 
tors the level of one of even and odd order distortion at a first 
frequency and creates a first signal indicative of the level of 
the distortion without the use of a pilot tone. 

30 Claims, 5 Drawing Sheets 
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DYNAMIC DISTORTION CONTROL 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is related to commonly assigned, 
co-pending application Ser. No. 09/479,298, entitled "PRE- 
DISTORTER WITH NON-MAGNETIC COMPONENTS 
FOR ANON-LINEAR DEVICE," filed on the same date as 
the present application. The '739 Application is incorporated 
herein by reference. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to the field of 
telecommunications and, in particular, to dynamic distortion 
control. 

BACKGROUND 

Due to the increased demand for higher capacity in voice, 
data and video transmission the communications market is 
expanding. In particular optical fiber communications tech- 
nology has been developing in response to the market 
requirements. Optical transmitters are one type of fiber 
communications technology that is evolving to meet the 
increased demand. 

Optical transmitters that utilize pre-distortion devices for 
distortion cancellation are well known. Typically, these 
transmitters are designed around a Mach-Zehnder optical 
modulator. Hie modulator is fed from a high power laser. 
The laser operates in the cool white mode and provides the 
"light source" that has its intensity or amplitude modulated 
in the Mach-Zehnder device. 

The optical modulation is accomplished by feeding a 
radio frequency (RF) modulating signal to the appropriate 
port of the modulator. In this way RF amplitude modulation 
is converted to optical amplitude modulation. 

A detrimental characteristic of the optical modulator is 
that its optical output/RF input transfer characteristic is very 
non-linear; it is sinusoidal in nature. Consequently for a 
large modulation index (the ratio of the peak variation 
actually used to the maximum design variation (e.g., that 
variation whereby the instantaneous amplitude of the modu- 
lated carrier reaches zero) severe odd order distortion is 
generated. In order to overcome this distortion an external 
means is required to compensate for the nonlinear transfer 
function. 

Pre-distorters have been used to in the past to minimize 
odd order distortions generated in the modulator. These odd 
order distortions are reduced by a circuit that generates its 
own RF distortions and then injects them into the modulator 
out of phase with those that are generated by the modulator. 
The pre-distorters have been limited in their operating 
bandwidth and in their absolute distortion cancellation due 
to the use of magnetic components used to achieve the phase 
inversions that operate to cancel the distortion products. 

Typically, an optical transmitter also includes some cir- 
cuitry to monitor the distortions introduced in the transmit- 
ter. It has been common practice to use one or more auxiliary 
pilot tones along with the many main carrier signals and to 
monitor distortion products from the pilot tones to asses the 
operation of the transmitter. One drawback of this technique 
is that it uses additional, unwanted signals. Further, these 
signals produce distortion products with very low energy, 
making the signals difficult to pick up. 

For the reasons stated above, and for other reasons stated 
below which will become apparent to those skilled in the art 
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upon reading and understanding the present specification, 
there is a need in the art for an improved mechanism to 
control distortion in a non-linear device, e.g., an optical 
transmitter. 

5 SUMMARY 

The above mentioned problems with non-linear devices 
and other problems are addressed by the present invention 
and will be understood by reading and studying the follow- 

io ing specification. A non-linear device is provided which uses 
a distortion monitor to monitor distortion products generated 
at least in part by transmission of carrier signals to control 
the operation of the non-linear device. 

In particular, an illustrative embodiment of the present 

35 invention includes a distortion monitor for a non-linear 
device, e.g., an optical transmitter. The distortion monitor 
includes an input coupleable to receive a signal from the 
non-linear device and a first frequency monitor coupled to 
the input. The frequency monitor monitors the level of one 

20 of even and odd order distortion at a first frequency and 
creates a first signal indicative of the level of the distortion 
without the use of a pilot tone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 FIG. 1 is a block diagram of an embodiment of a 
transmitter including a distortion monitor according to the 
teachings of the present invention. 

FIG. 2 is a graph that illustrates an embodiment of a 
3Q process for generating a control voltage to control the 
distortion in a modulator according to the teachings of the 
present invention. 

FIG. 3 is a block diagram of another embodiment of a 
transmitter including a distortion monitor according to the 
3S teachings of the present invention. 

FIG. 4 is a block diagram of an embodiment of a 
distortion monitor according to the teachings of the present 
invention. 

FIG. 5 is a block diagram of an embodiment of a system 
40 including a transmitter with a distortion monitor according 
to the teachings of the present invention. 

DETAILED DESCRIPTION 

The following detailed description refers to the accom- 

45 panying drawings which form a part of the specification. The 
drawings show, and the detailed description describes, by 
way of illustration specific illustrative embodiments in 
which the invention may be practiced. These embodiments 
are described in sufficient detail to enable those skilled in the 

50 art to practice the invention. Other embodiments may be 
used and logical, mechanical and electrical changes may be 
made without departing from the scope of the present 
invention. The following detailed description is, therefore, 
not to be taken in a limiting sense, 

55 FIG. 1 is a block diagram of an embodiment of a 
transmitter, indicated generally at 100, including a distortion 
monitor 108 according to the teachings of the present 
invention. Transmitter 100 receives RF input signals at input 
102 and produces optical outputs at 110 and 112, In other 

60 embodiments a single output or a plurality of outputs are 
provided. The RF input signals of transmitter 100 pass 
through signal path 104, pre -distorter 106, and modulator 
114. In one embodiment, signal path 104 includes at least 
one amplifier, and an equalizer. In other embodiments, 

65 signal path 104 also includes an attenuator and other circuits 
to prepare the RF signal for transmission over an optical 
fiber. 
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Transmitter 100 converts the electrical, RF signals 
received at input 102 to optical signals produced by laser 116 
and optical modulator 114. In one embodiment, optical 
modulator 114 comprises a non-linear modulator such as a 
Mach-Zehnder modulator. Laser 116 is coupled to modula- 
tor 114 to create the optical signals at outputs 110 and 112. 
Unfortunately non-linear modulators introduce distortion in 
the optical signal, e.g., even order and odd order distortion, 
produced at outputs 110 and 112. Thus, transmitter 100 
includes circuitry that is used to compensate for these 
distortions produced by optical modulator 114. 

To provide this compensation, transmitter 100 includes 
pre-distorter 106. In one embodiment, pre-distorter 106 is 
constructed according to the teachings of the '739 applica- 
tion. In other embodiments, pre-distorter 106 is constructed 
using more conventional pre-distorter circuits incorporating 
magnetic phase inversion circuits. Pre-distorter 106 is 
coupled between signal path 104 and modulator 114. Pre- 
distorter 106 adds distortion to the RF signals from signal 
path 104 in order to compensate for the distortion introduced 
by modulator 114. 

Transmitter 100 also includes circuitry that selectively 
adjusts the operation of one of pre-distorter 106 and modu- 
lator 114 based on distortions detected in the output of 
modulator 114. Distortion monitor 108 is coupled to receive 
the output of modulator 114 at filter/amplifier 118. Filter/ 
amplifier 118 is coupled to first and second frequency 
monitors 120 and 122, respectively. First and second fre- 
quency monitors 120 and 122 provide signals to micropro- 
cessor or controller 124. Microprocessor 124 uses a control 
algorithm, such as the algorithm described below with 
respect to FIG. 2, to selectively generate signals for pre- 
distorter 106 and modulator 114. In one embodiment, these 
control signals from microprocessor 124 are used to control 
a bias voltage for amplifiers in pre-distorter 106 and a DC 
bias voltage for modulator 114. 

First and second frequency monitors 120 and 122 are 
tuned to monitor selected frequencies for potential distortion 
products at these selected frequencies. In one embodiment, 
these distortion products monitored by first and second 
frequency monitors 120 and 122 are generated based on 
actual signals received at input 102 and are not generated 
based on pilot tones. In another embodiment, one of the first 
and second frequency monitors 120 and 122 monitors sig- 
nals generated, at least in part, based on a pilot tone. 

In one embodiment, transmitter 100 operates with cable 
^television=^CA Xy). radio. ,fre,quency (RF) input carrier fre- 
quenciesTIn a typical system, these frequencies are spaced 
apart at nominally 6.0 MHZ increments. The actual 6 MHZ 
frequency difference between carriers depends on the abso- 
lute frequency accuracy of each individual carrier. This 
carrier accuracy is such that the difference of each carrier 
from the nominal 6 MHZ is typically within zero to less than 
30 kHz. Modulator 114 converts these RF carrier signals to 
their corresponding optical counterparts. 

In one embodiment, first frequency monitor 120 monitors 
even-order distortions and second frequency monitor 122 
monitors odd-order distortions. One way in which the even- 
order distortions manifest themselves follows the f„-f n+1 
rule whereby an approximate 6 MHZ distortion product is 
generated for every pair of RF frequencies that are spaced 
apart by 6 MHZ. This results in many distortion products in 
the frequency spectrum at outputs 110 and 112 of transmitter 
100. First frequency monitor 120 detects these even-order 
distortion products within the nominal 6 MHZ±30 kHz 
frequency range. This provides a measure of the even-order 
distortion of transmitter 100. 


Similarly, one way in which odd-order distortions mani- 
fest themselves follows the fj-fj-fa rule whereby a 49.25 
MHZ distortion product is generated for many combinations 
of RF frequencies in a multi-channel format. Again, this 
5 results in many distortion products in the frequency spec- 
trum at outputs 110 and 112 of transmitter 100. Second 
frequency monitor 122 detects these odd-order distortion 
products within the nominal 49.25 MHZ±30 kHz frequency 
range. This provides a measure of the odd-order distortion of 
10 transmitter 100. 

In another embodiment, distortion monitor 108 monitors 
distortion products generated by a pilot tone provided to 
pre-distorter 106. In this embodiment, odd-order distortions 
manifest themselves following the f H+1 -f„+f TO rule whereby 
15 a 49.25 MHZ distortion product is again generated for every 
pair of RF frequencies that are 6 MHZ spaced when mixed 
with a single 43.25 MHZ pilot signal (f,^). Again, second 
frequency monitor 122 detects these distortion products 
within the nominal 49.25 MHZ±30 kHz frequency range. 
This also provides a measure of the odd-order distortion of 
transmitter 100, with the use of a single pilot tone. 

In operation, transmitter 100 receives electrical RF sig- 
nals at input 102 and produces optical signals at outputs 110 
and 112. The signals from input 102 are amplified and 
prepared for pre-distorter 106 at signal path 104. Pre- 
distorter 106 adds a selected distortion to the signals from 
signal path 104. In one embodiment, pre-distorter 106 adds 
odd-order distortions that are inversely related to the 
expected distortions for modulator 114. Laser 116 and 
modulator 114 combine to pass the signals from pre-distorter 
106 to outputs 110 and 112. 

The amount of distortion in outputs 110 and 112 of 
transmitter 100 is controlled by a feedback loop that moni- 
tors the distortion in the outputs 110 and 112 and provides 
control signals to pre-distorter 106 and modulator 114. This 
feedback loop includes distortion monitor 108. Distortion 
monitor 108 receives the output of modulator 114 at filter/ 
amplifier 118. This signal is further provided to first and 
second frequency monitors 120 and 122, respectively. First 
frequency monitor 120, in one embodiment, monitors 
energy at a first selected frequency, e.g., 6 MHZ, that relates 
to even-order distortion products. Similarly, second fre- 
quency monitor 122 monitors, in one embodiment, energy at 
a second selected frequency, e.g., 49.25 MHZ, that relates to 
odd-order distortion products. It is noted that in some 
embodiments a pilot tone is used to generate at least some 
of the odd-order distortion products detected by second 
frequency monitor 122. 

Distortion monitor 108 provides two output signals to 
microprocessor 124. First frequency monitor 120 provides a 
signal that is related to the amount of even order distortion 
in the output of modulator 114. Second frequency monitor 
122 provides a signal that is related to the amount of 
odd-order distortion in the output of modulator 114. 

Microprocessor 124 uses the signals from distortion 
monitor 108 to selectively create control signals for pre- 
distorter 106 and modulator 114. For example, micropro- 
cessor 124 selectively generates a control signal for pre- 
60 distorter 106 that controls at least one bias current for an 
amplifier in pre-distorter 106. Microprocessor 124 also 
selectively generates a second control signal for modulator 
114 that controls a DC bias voltage for modulator 114. 
Microprocessor 124 implements a control algorithm 
65 depicted graphically in FIG. 2 to generate these control 
signals for pre-distorter 106 and modulator 114. For pur- 
poses of simplicity, the graph of FIG. 2 is described in terms 
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of generating the control signal for modulator 114. However, 
it is understood, that a similar routine is used to generate a 
control voltage for pre^distorter 106. 

At the beginning of the algorithm, microprocessor 124 
outputs an initial value labeled as V 1 in FIG. 2. This voltage 
is a preset value that presupposes an acceptable setting for 
modulator 114. Due to temperature and component aging, 
the setting will not normally be the final setting established 
by microprocessor 124. At the initial setting, V ly distortion 
monitor 108 provides a signal indicating to microprocessor 
124 that distortion level is D x . Because this is a single 
measurement, the algorithm implemented by microproces- 
sor 124 does not know where this point lies on curve 202. 
Thus, microprocessor 124 adjusts the control voltage to a 
value V 2 that is higher or lower than V r Microprocessor 124 
than receives an updated distortion reading, D 2 , from dis- 
tortion monitor 108. In FIG. 2, distortion level D 2 is depicted 
as being lower than the distortion level Thus micropro- 
cessor 124 determines that the control voltage was correctly 
lowered to reduce the distortion level and again lowers the 
control voltage to voltage Y 3 . It is noted that when lowering 
the control voltage results in a higher distortion level, 
microprocessor 124 raises the control voltage to try to move 
the distortion level lower. Once microprocessor 124 has 
determined that the control voltage is moving in the correct 
direction, microprocessor 124 continues to modify the con- 
trol voltage until the change in the control voltage results in 
increasing distortion such as the situation depicted with 
voltage V 6 . At this point, microprocessor 124 returns the 
control voltage to the level preceding level that increased 
distortion, e.g., V 5 . Microprocessor 124 further continuously 
uses this process to output control voltages as changes in the 
distortion level are detected in order to maintain a control 
voltage that keeps distortion at a relative minimum. 

FIG. 3 is a block diagram of another embodiment of a 
transmitter, indicated generally at 300, including a distortion 
monitor 316 according to the teachings of the present 
invention. The transmitter receives RF input signals at RF 
input 301 and the signals are fed to an amplification circuit 
303 where the signals are amplified and fed to an equalizer 4 q 
304. The equalizer 304 receives the amplified signals equal- 
izes the signals and feeds them to a first coupler 306. The 
first coupler 306 samples the equalized signals and feeds the 
sampled signals to a second coupler 303 which splits the 
sampled signals for transmission to an attenuator 351 and an 
internal RF level monitor 304. The attenuator 351 receives 
the split signals, attenuates them and feeds the signals to an 
external RF monitor through RF output 302. The internal RF 
level monitor 304 receives the split signals and feeds the 
signals to a microprocessor 312 for monitoring and control. 

In addition, the coupler 306 feeds the equalized signals to 
an attenuator 308. The attenuator 308 receives the equalized 
signals and attenuates the signals. In one embodiment the 
attenuator feeds the attenuated signals to a pre-distorter 
driver 310. In other embodiments the attenuator 308 feeds 
the attenuated signals to a combiner 307 and the signals are 
then fed to a pre-distorter driver 310. The combiner 307 adds 
a pilot tone as detectable distortion to the attenuated signals. 
The pre-distorter driver 310 receives the signals, amplifies 
the signals and feeds the amplified signals to a pre-distorter 
305. 

The pre-distorter 305 generates odd order distortions for 
input to a modulator 311. In one embodiment the modulator 
311 is an optical modulator and in another embodiment the 
modulator is a Mach Zehnder modulator. The odd order 
distortions generated by the pre-distorter 305 are compli- 
mentary to distortions generated by the modulator 311. The 
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complimentary signals are substantially equal in magnitude 
to the distortions for modulator 311 but are 180 degrees out 
of phase with the distortions of modulator 311. The pre- 
distorter 305 feeds the signals with the complimentary 
distortions to the modulator 311. The modulator 311 is 
coupled to a laser bias a nd temperatur e control dev ice 3 14 
which" provides a light source for m odulaTi oTb y^^^du^ 
lator 311. The modula?or3ll receiveslEe^F'signals and the 
light source and generates modulated optical outputs 320 
and 322. The modulator is nonlinear and produces odd-order 
distortions in addition to the optical outputs 320 and 322. 
For a large modulation index the odd -order distortions are 
severe. The complimentary odd order distortions created by 
the pre-distorter 305 substantially reduce the distortions 
created by the modulator 311. 

In this embodiment a distortion monitor 316 monitors the 
output signal 322 of the modulator 311 for the presence of 
distortion products at one or more frequencies, e.g., even 
and odd order distortion products. The distortion monitor 
316 receives the output of modulator 311 and provides the 
monitored distortion levels to the microprocessor 312 to 
generate control signals. .The microprocessor 312 also 
receives signals from the RF level monitor 304. The micro- 
processor 312 provides output signals based on input signals 
from RF level monitor 304 to an attenuation control device 
305 to control the operation of attenuator 308^ 

In this embodiment the transmitter 300 is a 1550 nm 
wavelength external modulation transmitter. In other 
embodiments, transmitter 300 comprises an optical trans- 
mitter that uses direct modulation. In further embodiments, 
other wavelengths are used. 

FIG. 4 is a block diagram of an embodiment of a 
distortion monitor, indicated generally at 408, according to 
the teachings of the present invention. Distortion monitor 
408 monitors the output of an optical modulator, such as a 
Mach Zehnder modulator, to determine the presence of 
even- and odd -order distortion products. Distortion monitor 
408 includes first frequency monitor 420 and second fre- 
quency monitor 422. First and second frequency monitors 
420 and 422 each include a mixer that is controlled by local 
oscillator circuits 432. First frequency monitor 420 is tuned 
to identify distortion products located in the 6 MHZ range. 
Similarly, second frequency monitor 422 is tuned to identify 
distortion products located in the 49.25 MHZ range. 

Distortion monitor 408 includes input 430 that is coupled 
to circuitry that prepares the output of an optical modulator 
for input to the first and second frequency monitors 420 and 
422. The signals received at input 430 are detected by photo 
diode 434. Photo diode 434 is coupled to low pass filter 436 
to filter out as much of the carrier frequency energy above 
50 MHZ as possible. This reduces the load on the front end 
of distortion monitor 408 since the carriers are typically 60 
to 70 dB greater than the distortion products. Low pass filter 
436 provides its signal to amplifier 438. Amplifier 438 
provides, for example, 20 dB of distortion gain and estab- 
lishes the signal-to-noise ratio of distortion monitor 408. 

The output of amplifier 438 is split into two paths; a first 
path passing through first frequency monitor 420 and a 
second path passing through second frequency monitor 422. 
In both paths, the output of amplifier 438 is down-converted 
to low audio frequency "base-band" signals by mixing the 
output of amplifier 438 with 6 MHZ and 49.25 MHZ signals, 
respectively, from local oscillator circuit 432 using double- 
balanced mixers. The base-band signals are further pro- 
cessed to produce output signals indicative of the distortion 
products found in the output of the optical modulator. 
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First frequency monitor 420 monitors distortion products crystal oscillator 472 includes an output that is coupled to 

located at 6 MHZ±30 kHz. First frequency monitor 420 the series combination of amplifier 480, filter 482, and 

includes low pass filter 440 and amplifier 442 that are power divider 484. Power dividers 478 and 484 each provide 

coupled in series between amplifier 438 and mixer 444. Low an input to mixer 486. Mixer 486 provides a local oscillator 

pass filter 440 rejects signals above 6 MHZ. Amplifier 442 5 signal, e.g., a 6 MHZ signal, to mixer 444 through filter 488 

further boosts the level of the distortion products in this and amplifier 490. 

frequency range. Mixer 444 down-converts the distortion [n one embo diment, second crystal oscillator 472 also is 

products to base-band. used to prov ide a pilot tone to be injected into the signal 

The output of mixer 444 is coupled to the series combi- provided to the modulator. This pilot tone is taken from 

nation of filter/amplifier 446, full wave rectifier 448, filter/ 10 power divider 484 and selectively provided to the modulator 

amplifier 450, and log amplifier 452. In one embodiment, by RF switch 492 under the control of a signal labeled 

filter/amplifier 446 has a 30 kHz bandwidth to simulta- OSC-CTRL. 

neously limit the noise power and also allow for as much piG. 5 is a block diagram of an embodiment of a system, 
distortion energy as possible to drive full wave rectifier 448. mdicated gen eraUy at 500, including transmitter 502 with 
In one embodiment, filter/amplifier 450 comprises a 1 Hz « ^^on monitor 503 according to the teachings of the 
active filter that filters the output of full wave rectifier 448. m mventioiL In one embodiment, system 500 trans- 
Log amplifier 452 increases the operating dynamic range of caWe tension (CArV) ^3^15, e.g., 80 to 112 
distortion monitor 408 by compressing the normally large channclS) bctwwn two distant locations via an optical link, 
signal swing that would result from using a linear high gain ^ ^ ^ fc referred over a cable ^ 
amplifier. The final DC output level of log amplifier 452 ™ because mc fibcr optic i ink prov ides a wider bandwidth and 
represents a measure of the even-order distortion products of lower loss 

the optical modulator. Small DC levels at the output of log " . . 

amplifier 452 represents lower levels of distortion products. S y stem 500 mcludes transmitter 502 that is coupled to 

„ . 4 - . , . . , receive multicast channel insertion, e.g., RF signals between 

Second frequency monitor 422 monitors distorbon prod- 5Q g70 MHZ Transmitter 502 compriscSj for 6Xaraplc> 

ucts .located at 49.25 MHZtSO kHz. Second frequency ^ ^ shown ^ FIG j or 3 above Traosmilter 502 

monitor 422 includes bandpass filter 454, amplifier 456 and rf monitor 5Q3 whicb monitore 

notch filter 458 that are coupled m sen^ between amplifier ^ Qu rf transmiUer 502 ^ ides 

438 and m.xe. : 4M Tto pass band of bandpass filter 454 £ (o 502 m Qrder to rcduce ^ 

includes the 49 25 MHZ frequency. Amplmer 456 further Uon * c(s jn ^ Distorti on monitor 503, in one 

boosts the level of the distortion products >n this frequency ^ ^ shown ^ describ ed above 

range. In one embodiment, notch fiUer 458 is included to ^ t tQ mGS ± 2 3 ^ 4 
suppress earners above the 49.25 MHZ frequency, e.g., the 

55.25 MHZ carrier, in order to pass the 49.25 MHZ distor- Transmitter 502 provides output to splitters 504 and 506 

tion products. Mixer 460 down-converts the distortion prod- to increase the number of paths that can be supported by 

ucts to base-band 35 transmitter 502. Each path supported by transmitter 502 

The output of mixer 460 is coupled to the series combi- includes * ^~°f c ca * e 5 ° 8 f In ™ fi , ber ' 

nation of filter/amplifier 462, full wave rectifier 464, filter/ °J* 1C ca ^ 508 has a length from 20 to 25 Hometeis 

amplifier 466, and log amplifier 468. In one embodiment, ™er-optic cable 508 is terminated by a receiver 510 that 

filter/amplifier 462 has a 30 kHz bandwidth to simulta- ^ «™«? the optical signal back to an electrical signal for 

neously limit the noise power and also allow for as much 40 transmission over coaxial cable, 

distortion energy as possible to drive full wave rectifier 464. tqtom 

In one embodiment, filter/amplifier 466 comprises a 1 Hz LUNLLUblUIS 

active filter that filters the output of full wave rectifier 464 ^though specific embodiments have been illustrated and 

Log amplifier 468 increases the operating dynamic range of 45 descfibcd HvWbc appreciated by those of ordinary 

distortion monitor 408 by compressing the normally large &m m ^ m ^ arrangement which fe calculated to 

signal swing that would result from using a linear high gain acMcve mc same ^ ^ substitutcd for mc spccific 

amplifier. The final DC output level of log amplifier 468 embodiment SQOWn . This application is intended to cover 

represents a measure of the odd-order distortion products of adaptations or variations of the present invention. For 

the optical modulator. Small DC levels at the output of log 5Q e k ^ distortion monitor can monitor prod- 

amphfier 452 represents lower levels of distortion products. ^ ^ ^ appropriate frequency md b Dot limited to 

Local oscillator circuit 432 provides inputs to mixers 444 distortion products at 6 MHZ and 49.25 MHZ. Rather, the 

and 460 of first and second frequency monitors 420 and 422, specific frequency is chosen to be a frequency outside the 

respectively. Local oscillator circuit 432 includes first and channel raster alignment at a frequency representative of 

second crystal oscillators 470 and 472. In one embodiment, 5S evea or odd order distortions. Further, the components in the 

the first crystal oscillator 470 comprises a 49.25 MHZ fa X and second frequency monitors can be adjusted as 

oscillator and second crystal oscillator 472 comprises a necessary to allow for monitoring distortion products at 

43.25 MHZ crystal oscillator. First and second crystal oscil- selected frequencies. Further, any appropriate local oscilla- 

lators 470 and 472 receive a control signal labeled AUTO_ tor arrangement can be used to create the local oscillator 

ZERO that is used to turn the oscillators on or off. 60 signal f or the first and second frequency monitors. Further, 

First crystal oscillator 470 generates the local oscillator i n some embodiments, only one frequency monitor is 

signal for mixer 460. First crystal oscillator 470 includes an provided, e.g., to monitor even or odd order distortion at a 

output that is coupled through amplifier 474, filter 476, and single frequency. In other embodiments, the signals from the 
power divider 478 to an input of mixer 460. This input of distortion monitor are provided as output for use in manual 

mixer 460 receives a 49.25 MHZ local oscillator signal. 65 control of the non-linear device. Further, in other 

First and second crystal oscillators 470 and 472 combine embodiments, the distortion monitor is used with non-linear 

to provide a local oscillator input for mixer 444. Second devices other than an optical transmitter. 
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What is claimed is: 

1. A distortion monitor for a non-linear device, the dis- 
tortion monitor comprising: 

an input coupleable to receive a signal from the non-linear 
device; and S 

a frequency monitor, coupled to the input, that monitors 
the level of one of even and odd order distortion at a 
first frequency and that creates a signal indicative of the 
level of the distortion without the use of a pilot tone. 

2. The distortion monitor of claim 1, wherein the non- 30 
linear device comprises an optical transmitter. 

3. The distortion monitor of claim 1, and further includ- 
ing: 

a pre-distorter coupled to the non-linear device; and 
. a controller, coupled to the frequency monitor to receive 
the first and second signals and to selectively create at 
least one control signal for one of the non- linear device 
and the pre-distorter. 

4. The distortion monitor of claim 3, wherein the con- 2Q 
troller generates first and second control signals, wherein the 
first control signal controls a bias voltage for the pre- 
distorter and the second control signal controls a DC bias for 
the non-linear device. 

5. The distortion monitor of claim 1, wherein the fre- ^ 
quency monitor includes at least one filter and a mixer that 
select the frequency and down convert the frequency to 
base -band. 

6. The distortion monitor of claim 1, wherein the fre- 
quency monitor monitors distortion products at a frequency 3Q 
outside the channel raster alignment that are representative 

of even order distortion. 

7. The distortion monitor of claim 1, wherein the fre- 
quency monitor monitors distortion products at a frequency 
outside the channel raster alignment, wherein the frequency 35 
is representative of odd order distortion. 

8. A control circuit for dynamic distortion control in a 
non-linear device, the control circuit comprising: 

an input coupleable to receive a signal from the non-linear 
device; 40 

a frequency monitor, coupled to the input, that monitors 
the level of odd order distortion at a frequency and that 
creates a signal indicative of the level of the distortion 
without the use of a pilot tone; and 

a controller, coupled to the frequency monitor to receive 45 
the first and second signals and to selectively create at 
least one control signal to control the non-linear device. 

9. The control circuit of claim 8, wherein the non-linear 
device comprises an optical transmitter. 

10. The control circuit of claim 8, and further including a 50 
pre-distorter coupled to the non- linear device and controlled 
by the controller. 

11. The control circuit of claim 10, wherein the controller 
generates first and second control signals, wherein the first 
control signal controls a bias voltage for the pre-distorter 55 
and the second control signal controls a DC bias for the 
non-linear device. 

12. The control circuit of claim 8, wherein the frequency 
monitor includes at least one filter and a mixer that selects 
the frequency and down converts the frequency to base- 60 
band. 

13. The control circuit of claim 8, wherein the frequency 
monitor monitors first distortion products at a frequency 
outside the channel raster alignment, wherein the frequency 

is representative of odd order distortion. 65 

14. A control circuit for dynamic distortion control in a 
non-linear device, the control circuit comprising: 


an input coupleable to receive a signal from the non-linear 
device; 

a frequency monitor, coupled to the input, that monitors 
the level of even order distortion at a frequency and that 
creates a signal indicative of the level of the distortion 
without the use of a pilot tone; and 

a controller, coupled to the frequency monitor to receive 
the first signal and to selectively create at least one 
control signal to control the non-linear device. 

15. The control circuit of claim 14, wherein the non-linear 
device comprises an optical transmitter. 

16. The control circuit of claim 14, and further including 
a pre-distorter coupled to the non-linear device and con- 
trolled by the controller. 

17. The control circuit of claim 16, wherein the controller 
generates first and second control signals, wherein the first 
control signal controls a bias voltage for the pre-distorter 
and the second control signal controls a DC bias for the 
non-linear device. 

18. The control circuit of claim 14, wherein the frequency 
monitor includes at least one filter and a mixer that select the 
frequency and down converts the frequency to base-band. 

19. The control circuit of claim 14, wherein the frequency 
monitor monitors distortion products at a frequency outside 
the channel raster alignment, wherein the frequency is 
representative of even order distortion. 

20. A control circuit for dynamic distortion control in a 
non- linear device, the control circuit comprising: 

an input coupleable to receive a signal from the non-linear 
device; 

a first frequency monitor, coupled to the input, that 
monitors the level of one of even and odd order 
distortion at a first frequency and that creates a first 
signal indicative of the level of the distortion without 
the use of a pilot tone; 

a second frequency monitor, coupled to the input, that 
monitors the level of the other of even and odd order 
distortion at a second frequency and that creates a 
second signal indicative of the level of the distortion; 
and 

a controller, coupled to the first frequency monitor and 
second frequency monitors, that receives the first and 
second signals and that selectively creates at least one 
control signal to control the non-linear device. 

21. The control circuit of claim 20, wherein the non-linear 
device comprises an optical transmitter. 

22. The control circuit of claim 20, and further including 
a pre-distorter coupled to the non-linear device and con- 
trolled by the controller. 

23. The control circuit of claim 22, wherein the controller 
generates first and second control signals, wherein the first 
control signal controls a bias voltage for the pre-distorter 
and the second control signal controls a DC bias for the 
non-linear device. 

24. The control circuit of claim 20, wherein the first 
frequency monitor includes at least one filter and a mixer 
that select the first frequency and down converts the fre- 
quency to base-band. 

25. The control circuit of claim 20, wherein: 

the first frequency monitor monitors first distortion prod- 
ucts at a frequency outside the channel raster 
alignment, wherein the frequency is representative of 
one of odd or even order distortion; and 

the second frequency monitor monitors second distortion 
products at a frequency outside the channel raster 
alignment, wherein the frequency is representative of 
one of odd or even order distortion. 
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26. The control circuit of claim 20, wherein the first and 
second frequency monitors include double balanced mixers, 

27. The control circuit of claim 20, and further including 
a pilot tone generator that selectively adds distortion detect- 
able at the second frequency, 

28. An apparatus, comprising: 

an input, coupleable to receive an RF signal; 

a pre-distorter, coupled to the input, that selectively adds 
distortion to the RF signal; 

a non-linear device, coupled to the pre-distorter, that 
receives the RF signal from the pre-distorter to produce 
an output for apparatus; 

wherein the distortion added by the pre-distorter is con- 
trolled to reduce distortions in the output of the appa- 
ratus generated by the non-linear device; 

a distortion monitor, coupled to the output of the non- 
linear device, that monitors at least one frequency of 
the output of a transmitter to detect distortion in the 
output without the use of a pilot tone; and 


12 


a microprocessor, coupled to the distortion monitor, the 
pre-distorter, and the non-linear device that uses an 
output of the distortion monitor to selectively generate 
at least one control signal for one of the non-linear 
device and the pre-distorter to reduce the distortion in 
the output of a transmitter. 

29. An apparatus, comprising: 

a non-linear device that receives an input signal and 
produces an output signal; and 

a distortion monitor, coupled to the output of the non- 
linear device, that monitors at least one frequency of 
the output signal of the non-linear device to detect 
distortion without the use of a pilot tone. 

30. The apparatus of claim 29, and further including a 
microprocessor, coupled to the distortion monitor, that pro- 
vides at least one control signal to the non-linear device. 
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[57] ABSTRACT 

A system for signal level control in AM fiber systems is 
provided. The system provides level controls at both 
transmitter and receiver ends of the fiber transmission 
system, utilizing compensation and control techniques 
at each end to maintain and optimize the performance of 
the system. The transmitter includes two stage level 
control based on a composite power level of a detected 
RF signal. The receiver includes two stage level control 
based on a pilot channel filtered from the channels 
transmitted to the receiver. 
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throughout initial equipment set-up, ongoing operation, 
SIGNAL LEVEL CONTROL CIRCUITRY FOR A and system maintenance. 

FIBER COMMUNICATIONS SYSTEM The signals modulating; an AM laser have certain 

ideal requirements. The laser used in the transmitter 
FIELD OF THE INVENTION 5 exhibits optimum performance for a given application 

The present invention relates to fiber communica- when operated at a specific composite modulation in- 
tions systems and, more particularly, to methods and dex. The RF drive level per channel modulating the 
apparatus for signal level control in a fiber communica- laser is the detennining factor in the composite modula- 
tions system such as a CATV system. tkm index of the laser. Ideally, the modulation index of 

*° the laser should be precisely maintained at its optimum 
BACKGROUND OF THE INVENTION value tQ msure spccifi ed system carrier-to-noise ratio 

In recent years, there has been a great deal of interest and intermodulation distortion performance. If the laser 
in the transmission of video signals via optical fibers. modulation index is too large, the CNR performance 
This mode of signal transmission offers a number of improves, but the distortion performance is compro- 
advantages over transmitting signals by conventional 15 mised. On the other hand, if the laser modulation index 
coaxial cable video signal distribution as is now com- \$ too small, the distortion performance improves, but 
monly accomplished in CATV systems. Optical fibers CNR performance is compromised, 

intrinsically have more information-carrying capacity ^ general* a larger composite modulation index is 
than do coaxial cables. In addition, there is less signal required to meet higher system CNR specifications, 
attenuation in optical fibers than in coaxial cable 20 However, a maximum modulation index exists for each 
adapted for carrying radio frequency (RF) signals. Con- lascf Abovc this mdeX) laser dist ortion performance 
scquently, optical fibers can span longer distances be- ^ . tQ deteriorate rapid i y due t0 signa i clipping. In 
tween signal regenerators than is possible with coaxial ^ CNR rformance systemS) thc lascr is gcncra ii y 
cable. In addmon, the dielectnc nature of optical fiber * ^ site modulation 

eliminates any r prob ems with ^^F*- 25 index. Channel loading also has an effect on laser modu- 

nally, optical fiber is immune to ambient electromag- * . +^ i„ Bf 

netic interference (EMI) and generates no EMI of its latl0n mdex - As channel loading increases, the laser 
own composite modulation index increases, and the mter- 
° W Amplitude modulation, or more specifically, intensity modulation distortion performance ^grades 
modulation, of an optical signal by a wideband radio 30 The laser transmitter K also affected by vanationsin 
frequency signal requires a light modulating device, the headend output RF level due to other factors. The 
such as a laser, which has linear characteristics over a addition or removal of a coupler, tap, or other equip- 
wide dynamic range of operation. Until recently it has ment in the headend wiring scheme can cause changes 
been difficult to fabricate lasers in which the relation- in the resultant headend RF output level. The headend 
ship between input current and optical output was lin- 35 RF output level also varies slightly with time, tempera- 
ear over more than an extremely limited range. Because ture, regular maintanance, and adjustments, 
of this difficulty in obtaining lasers which were suffi- These variations in the signals modulating the laser 
ciently linear to support analog intensity modulation, degrade the quality of the transmitted signal, reducing 
digital intensity modulation was, until recently, the the ability to delivery high quality signals such as video 
primary means for transmitting information by optical 40 signals in fiber optic communications systems, 
signals. However, recent advances in laser technology At the receiver, the quality of the received optical 
have made analog intensity modulation of optical sig- signal is affected by the fiber plant and the optical trans- 
nals feasible. Currently available Fabry-Perot (FP) and mitter. Thc number and quality of connectors and 
Distributed Feedback (DFB) lasers have sufficiently splices used in field installation may differ from the 
linear characteristics to allow them to be used as analog 45 origin^y specified plan, resulting in a different optical 
modulators of optical signals. j oss jf m OTDR measurement used to determine opti- 
An important advantage of AM fiber systems for C al is inaccurate, then again the optical power will difTer 
CATV is that the same multichannel NTSC, PAL, or frQm ^ cxpcctcdt average intensity of the re- 
SECAM signal format is maintained throughout the ^ tical signal may change due to maintanance or 
system. No format conversion electronics are required 50 ^ of thc fibcr plant Rerouting an optical path will 
at either end of the optical hn£ This^kes the AM ^ M ^ ^ ^ ^ As discmsed abov€f 
fiber optic system "fnendly" to the CATV system tie-in J transmitter design and RF signal 
points. Because of this advantage, AM fiber optic sys- ^ affect the optical signal. The composite 
terns generally require less equipment space in the in- modulatioil index ch J ^ a ^ of ^ ^tton 
stallaton An AM system is also less costly to mstall, 55 of chann y clSt of signal lcvel> or 
particular y on a per channel basis, than either FM or u . u . «* w™"™. ™«m«i» « ' . 
d *'tal st s other changes to the laser dnve signal. Additionally, the 

1 The sin^Tmode optical fiber used in AM fiber sys- laser diode 0Ut P ut P° wcr var * duc t0 W or 

terns possesses attenuation characteristics which change temperature variation, . 

extremely little with temperature variations, unlike co- 60 Receiver performance as measured by carner-to- 

axial cable. In most current AM fiber architectures, noise ratio (CNR) and distortions, cxnqponte triple beat 

httle compensation for the optical fiber response is re- (CTB) and composite second order (CSO) is generally 

quired. However, the carrier-to-noise ratio (CNR) and degraded by non-ideal optical signals. As the optical 

intennodulation distortion performance (composite input power or modulation index increases, the CNR 

triple beat, composite second order) of AM fiber sys- 65 performance of the receiver generally increases, but the 

terns is tied directly to the relative level of the multi- contribution of the receiver to the system distortion 

channel carriers which modulate the laser. Because of increases. Conversely, as the optical input power or 

this, the issue of signal level control is important modulation index decreases, the contribution of the 
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receiver to system distortion decreases, but the CNR modulation index with headend RF level variations and 
performance of the receiver also decreases. changes in channel loading. Therefore, optimum trans* 

If variations in optical loss occur, the optoelectronic mitter distortion performance is preserved. In addition, 
receiver performance may be affected. If the optical the composite power AGC can be used to guard against 
loss is greater than expected, the received optical power 5 an RF overdrive condition. If the level from one modu- 
is lower than expected. Lower than expected received lator increases by a large amount, the composite power 
optical power results in a reduced RF output from the /^qq detects the input composite and adjusts the RF 
photodetector and optoelectronic receiver. Conse- j eve | modulating the laser. 

quently, the input level to the receiver post-amplifier is Mso m accordance with the present invention, gain 
lower. This condition increases the significance of the 10 control circuitry is incorporated into the receiver to 
noise contribution of the receiver post-amplifier to the compensate for variations in optical loss, modulation 
system CNR. The final result may be a degradation in indcx> md cn4ancl loadin g. At the receiver, a single 
system CNR. If the optical loss is less than expected, the m channcl u mon itored to maintain a constant RF 
received optical power b higher than exited. This lcyd at ^ of ^ optoelectronic re- 

results in an increased RF output level from the photo- 15 rf Gain ^trol circuitry controls the gain at the 
detector and optoelectronic receiver and generally im- reccivcr on ^ ^ of changcs „ ^ rigMl level of the 
proves the system CNR. However with the optoelec- channcl . This technique maintains a constant RF 

tronx receiver operating at a higher output levelrts * ^ wntribution to 

contribution to the system distortion is greater. The , - *: . „ • ^ . m «i;r.«. 

^•amplifier is also operating at a higher level and 20 ^ * e "f*^ ^Y j.u ^ 

™y tribute further to the system dXtion. Conse- ™ c «f ^ lcvcl 

quently, there may be a degradation in system distortion rem " DS v ™ lK ™ m °P tocaI 

performance power, modulation index, and channel loading. 

Again, these factors limit the ability to deliver high I» Edition to providing an unproved transmitter and 
quality signals such as video signal in a fiber optic com- 25 receiver, the present invention also relates to system 
munications systems. wide level control. A pilot channel type AGC can re- 

suit in distortion changes of the receiver amplifier with 
SUMMARY OF THE INVENTION variations in channel loading. Thus, if the channel load- 

Accordingly, it is an object of the present invention ing increases, distortion due to the receiver amplifier 
to provide methods and apparatus for delivering high 30 increases and system distortion may increase. However, 
quality signals in a fiber optic communication system. in accordance with one feature of the present invention 
It is another object of the present invention to pro- when a transmitter with composite power AGC is uti- 
vide an improved transmitter for a fiber optics commu- lized in combination with a receiver having a pilot 
nications system. channel type AGC, distortion remains unchanged. This 

It is another object of the present invention to pro- 35 combination results in consistent system distortion, 
vide an improved receiver for a fiber optics communi- good system CNR, and constant system RF output 
cations system. level. 

The present invention achieves these and other ob- Additionally, in a multiple band system, the present 
jects by providing a system approach to signal level invention maintains a consistent RF channel level be- 
control in AM fiber systems. This set of level controls 40 tween bands. This is important when the bands are 
operates at both transmitter and receiver ends of the combined to produce a single RF signal. Thus, in- 
fiber transmission system, utilizing different compensa- creased channel loading in one band, for example, will 
tion and control techniques at each end to maintain and not rcsu i t ^ j^p channel level differences between that 
optimize the performance of the system. Since optical band m $ another band having less channel loading, 
fiber loss characteristics do not change as much as the 45 

loss characteristics of coaxial cable, tops, and passives BRIEF DESCRIPTION OF THE DRAWINGS 
with variations in temperature, the level control system ^ foregoing md oth er objects, features and advan- 
of the present invention compensates for other parame- Uges of thc prcscnt invention as well as a presently 
ten such as system input and output level variations due preferred embodiment thereof will become more appar- 
to changes in optical loss, system input signal levels, and 50 cjU from a of thc following description in con- 

physical placement of components within the system nection ^ thc accompanying drawings. 

" Tooele these objects, the present invention em- ™- 1 «■ a block of a fibcr communications 

ploys inter alia, a „ FIG 2 is a block diagram of a transmitter in accor- 

tor as the sensing element at the transmitter and a angle 55 nr ^nt invent;*™ 

channel RF carrier peak detector as the sensing element dance with the pr^t invention. , 

at the receiver. This^ 3 « * d "^£°, f fte g ™ comro1 

RF modulation envelope used to modulate a linear laser ™*y <* transmitter of FIG. 2. . 

source in the transmittVr, and maintains a constant RF FIG. 4 is a block diagram of a receiver in accordance 

lever per carrier in the detected RF modulation enve- 60 ™& ,P rcs f nt tovention. 

lope at the output of the receiver. FIG. 5 is a block diagram of the AGC control for the 

The present invention utilizes gain control circuitry receiver of FIG. 4. 

to compensate for variations in signal level. At the FIG. 6 is a schematic diagram of a transimpedance 

transmitter, the composite RF power modulating the receiver used in the present invention, 

laser is monitored and the level of the entire spectrum of 65 FIG. 7 is a schematic diagram of the attenuator of 

channels is adjusted by the same amount to maintain a FIG. 4. 

constant composite power. A composite power AGC FIG. 8 is a schematic diagram of the AGC control 

for an AM laser transmitter maintains a constant laser shown in FIG. 5. 
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FIG. 9 is a graph illustrating a relationship of receiver cuits respectively control first attenuator 203 and sec- 
input signal level versus transimpedance receiver gain ond attenuator 206. In accordance with the detected 
and attenuator loss. composite RF level, the attenuation of attenuators 203 

DETAILED DESCRIPTION OF THE , T 1 f* * SSS n^^tl^Z* 

PREFERRED EMBODIMENTS 5 Z*S£&SSZZ ^SfSSi 

FIG. 1 illustrates a fiber communications system. In a second attenuator drives 215 and 216 may be manually 
currently preferred embodiment, the system is a CATV controlled, for example, by setting a potentiometer. 
AM fiber system, although the invention is not limited The through signal of directional coupler 208 is pro- 
in this respect. Individual frequency channels from 10 vided to pad 209 for adjusting the signal level into laser 
multiple headend modulators 10 feed combining .net- 211. The gain control circuitry ensures that the signal 
works 15a and 15A. Combining networks 15a and 156 j eve j mto pa d 209 is constant and pad 209 adjusts this 
gather the channels into bands of frequencies to be i we i The signal from pad 209 is provided to laser 
transported by the distribution plant These bands of matching circuitry 210. Matching circuitry 210 matches 
channels provide a modulation input to laser transmit- 15 ^ 75 onm coaxial system to lower the laser impedance, 
ters Ma and lib. For example, transmitter 17a may output of Iascr matching circuitry 210 modulates 
receive an RF input in a frequency band from 50-276 ]ascT m Laser 211 is a high-performance analog laser, 
MHz and transmitter 176 may receive an RF input in a p re f er ably of the distributed feedback (DFB) type, with 
frequency band from 276-450 or 550 MHz AM laser m mtegral optica i isolator, thermoelectric cooler moni- 
transmitters 11a and 176 condition the composite hea- 20 tor photodiodef md thermistor. To maintain a proper 
dend signals to provide a signd which modulates the t f , ^ ^ temperature of the laser is con- 
bias current of a semiconductor laser. This results in an b CQo]iR ^ m ^ T bias circuitry 213 
intensity (power) modulated optical signal out of the ^ uscd t0 adjust the lascr bias CUfrent 
laser. The optical signal » earned by low loss, single schematic diagram of the gain control 

^n?^-^ ^^^^S^rT^^ circuitry of the transmitter of FIG. 2. Attenuator 203 is 

and 206. Optical receivers 20a and 206 include a photo- at ; e nuator. The pin attenuator is a bridged T-net- 

detector which converts he optical Signals mto deem- £ £ fa ^ diode$ m ^ m afe 

cal signal currents. The dectncal sisals are replicas ; of attenuation of the pin attenuator changes. 

the headend composite channel bands. The signals are . . , . r A , . , ° • 

. . , . , . _ r - , . „ n « *n The pin attenuator is designed to provide approxi- 

combmed by combiner 21, amplified by amplifier 22, 30 / . „ . * a \, *u mi r„v 

* ,<ie*^w; rt „ mately 5 dB of attenuation. The currents through pin 

IS &\u3S^m^ Ma in acco, *d« « - » -yin ^ fc *«*- * «Jj 

dance with a preferred embodiment of the present in- *> m * nta ' n * seventy-five (75) ohm mipedance. Al- 
vention. An RF signal from combiner 15a is input to thou 8 h a ^^V^^"^ £ ■ ' ? 

transmitter 17a at 201. The signal passes to surge filter 35 arrangements may be utilized. Attenuator 206 is prefer- 
202. Surge filter 202 is a high pass filter designed to * Wv a F"» *"' nuator confi S» red m the same manner 35 
filter out lower frequency signals and noise, for exam- attenuator 203. ™ 
pie, below forty megahertz (40 Mhz). Such signals and .J* co ^ e f ° f ^ectional coupler 208 is pro- 
noise may be due, for example, the lightning or other vided to RF detector diodes 313 and 315. Two diodes 
electrical interference. The signal then passes to first 40 «f *Uized * reduce CSO caused by the diodes them- 
attenuator 203. Attenuator 203 is preferably a pin atten- selves - ^ detects composite RF singal is supplied to 
uator designed to provide up to approximately 5 dB of comparator 320 where it is compared with a tempera- 
attenuation, although the invention is not limited in this ture compensated DC reference to determine whether 
respect the composite RF level has gone up or down. Diodes 

The output of attenuator 203 is supplied to first hy- 45 314 and 316 are matched with diodes 313 and 315 to 
brid amplifier 204 which provides an amplification of, provide temperature compensation. The output of com- 
for example, 14 dB. The output of hybrid amplifier 204 Parator 320 is provided to integrator 330. The inte- 
is supplied to frequency response trim circuitry 205 grated output of integrator 330 is amplified at amplifica- 
which trims or smoothes out the frequency response of **on stage 335 to provide a gain control signal for deter- 
the signal. The output of trim circuitry 205 is supplied 50 mining the current to be driven through the pin diodes 
to second attenuator 206. Attenuator 206 is preferably a of attenuators 203 and 206. 

pin attenuator configured in the same manner as attenu- The AGC driver circuits mclude respective current 
ator 203, although this is not required. Attenuator 206 rnirrors responsive to the gain control signal for driving 
provides up to approximately 5 dB of attenuation, al- current through the pin diodes. In pin attenuator 206, 
though the invention is not limited in this respect. The 55 current flow is from +24 Volts, through CR4, L12, 
output of attenuator 206 is supplied to second hybrid R19, U2(l), U2(3), Ul(5), Ul(7), R18, L9, CR3, L10, to 
amplifier 207 which provides, for example, an amplifi- ground. The gain control signal changes the magnitude 
cation of 19 dB. Hybrid amplifier 207 preferably has of this current in accordance with changes in the de- 
better distortion characteristics than hybrid amplifier tected signal level. 

204 since the signal level at this point in the transmitter 60 Linearization networks prior to the current mirrors 
is significantly higher. ensure a linear attenuation in dB versus the voltage of 

The output of hybrid amplifier 207 is supplied to the gain control signal. That is, as the voltage of the 
directional coupler 208. The coupled signal of direc- gain control signal changes in a certain step, the attenu- 
uonal coupler 208 is supplied to RF composite power ation changes in a corresponding scaled step. A linear- 
detector 214. The detected composite RF signal is used 65 ization network is provided for each of the pin attenua- 
te generate a gain control signal which is supplied to tors. The linearization network for pin attenuator 206 
first attenuator drive circuit 215 and second attenuator includes resistors R26, R27, and R28 and diodes CR6, 
drive circuit 216. The output signals of these drive cir- CR8, and CR10. 
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Switch 217 permits either automatic gain control or 
manual control to be implemented. If switch 217 
contacts poles 2 and 3, gain control is implemented 
automatically as described above. If the switch contacts 
poles 1 and 2, the manual adjustment of potentiometer 5 
345 determines the gain control signal. 

Switch 360 takes into account the higher power of 
continuous wave (CW) signals used for system testing 
as compared to video signals used in actual field imple- 
mentation. By switching switch 360 to the CW position, 10 
the setting of potentiometer 362 effectively reduces the 
power of the composite CW signal applied to compara- 
tor 320. Were the AGC set at the factory in accordance 
with the composite CW power, the normal video sig- 
nals in actual field use would be regarded by the AGC 15 
circuitry as a loss in power, thereby causing a reduction 
in attenuation. This reduction effectively limits the at- 
tenuation range. Setting switch 360 to the CW position 
during testing allows for the full range of attenuation 
during actual use with video signals. 20 

The present invention utilizes two stages of attenua- 
tion. This allows for increased attenuation range. Addi- 
tionally, it is desirable not to have large attenuation 
before the first gain stage since this may adversely affect 
carrier-to-noise ratio. However, if some attenuation is 25 
introduced before and after the first gain stage, the 
carrier-to-noise remains acceptable. Additionally, oper- 
ating the first gain stage at a lower signal level reduces 
the distortion caused by this stage. Since the laser is the 
primary cause of distortion in the transmitter, it is very 30 
desirable to limit the introduction of distortion at earlier 
stages. 

As noted, the transmitter implements composite 
power gain control. Thus, the composite RF power 
modulating the laser is monitored and the level of the 35 
entire spectrum of channels is adjusted by the same 
amount to maintain a constant composite power. The 
advantage of composite power AGC for an AM laser 
transmitter is that it maintains a constant laser modula- 
tion index with headend RF level variations and 40 
changes in channel loading. Therefore optimum trans- 
mitter distortion performance is preserved. In addition, 
the composite power AGC can be used to guard against 
an RF overdrive condition. If the level from one modu- 
lator increases by a large amount, the composite power 45 
AGC detects the increase in transmitter input compos- 
ite power and adjusts the RF level modulating the laser. 

FIG. 4 is a block diagram of the receiver modules 20tf 
and 206 of FIG, 1. As noted above, one receiver may 
receive a low band of channels and the other may re- 50 
ceive a higher band of channels. Except as noted, the 
two receivers are identical and although receiver 20a is 
discussed in detail, the following description may be 
applied to both. An optical signal carried by fiber 18a is 
incident on photodiode 401. The optical signal is trans- 55 
formed by photodiode 401 into an electric current by 
the photoelectric effect. The electric current is then 
supplied to a push-pull transimpedance amplifier 402 
which converts it to an amplified RF signal. The RF 
signal at the output of the push-pull transimpedance 60 
amplifier 402 consists of a broadband spectrum of video 
signals. Transimpedance amplifier 402 includes a gain 
circuit that maintains a specified RF output level as 
determined by an automatic gain control (AGC) circuit. 
Photodiode 401 and transimpedance amplifier 402 to- 65 
gether constitute a transimpedance receiver. The tran- 
simpedance receiver and automatic gain control will be 
discussed in greater detail below. 


8 

The output of transimpedance amplifier 402 then 
passes to an input of low pass filter 404. Filter 404 is 
used in multiple band systems in order to maintain high 
system performance. The filter type and cutoff fre- 
quency are determined by system requirements. Con- 
versely, the filter in the high band receiver 206 is a high 
pass filter. Filter 404 may be included or a jumper may 
be provided in single band systems. 

The signal at the output of filter 404 is supplied to 
attenuator 405. Attenuator 405 is a variable attenuation 
block such as a pin attenuator. The attenuation of atten- 
uator 405 is controlled by the AGC circuit as will be 
discussed in greater detail below. Assuming an insertion 
loss of about 2 to 3 dB, attenuator 405 provides from 
minimum attenuation up to approximately 6 to 10 dB of 
additional attenuation. 

After the signal passes through attenuator 405, it is 
supplied to hybrid amplifier 406. Hybrid amplifier 406 
provides the grain needed to obtain a desired module 
output level. The output of hybrid amplifier 406 is sup- 
plied to directional coupler 407. The through signal of 
directional coupler 407 is passed to trim network 408. 
Trim network 408 is an RF network to level out the 
response of the module. Variations in response may be 
caused by transimpedance amplifier 402, attenuator 405, 
and stray capacitances. Trim network 408, for example, 
"peaks up" carriers that are rolled off at the edge of the 
passband of filter 404. Trim network 408 may not be 
needed in single band systems since, as noted above, 
filters need not be used in such systems. The output of 
trim network 408 passes to pad 409. Pad 409 provides 
the ability to manually adjust the RF output level from 
the receiver module. Pad 409 enables the output of the 
high channel and low channel receiver to be matched. 
The signal from pad 409 passes to equalizer 410. Equal - 
iz er 410 compensates fo r a tilt or flat stoge^^tbe^ljyg. 

signal ^^^UJp^JS^A^^^I^^^ °1SP. u .^ V^f 
the receiver module^, * 

The 'coupled RFlsignal of directional coupler 407 is 
monitored by the AGC circuitry 412. AGC circuitry 
412 includes detector and integrator 415, and driver 
circuitry 416. 

The portion of the RF signal that is monitored by the 
AGC circuitry 412 first passes to pad 413. Pad 413 
permits adjustment of the level of the RF signal sup- 
plied to detector and integrator 415. The RF signal is 
passed through band pass filter 414. Bandpass filter 414 
is a single channel, helical filter approximately six (6) to 
ten (10) Megahertz wide. Bandpass filter 414 passes 
only one channel of the RF signal and the passband 
center frequency of filter 414 is selected so a desired 
pilot channel is passed. The RF level of all channels are 
thus adjusted up or down based on the level of the pilot 
channel. The pilot channel RF signal is applied to the 
input of detector 415. Detector 415 converts the pilot 
channel RF signal to a DC voltage and compares the 
DC voltage to a reference voltage. This comparison 
determines the relative RF level in the module. A DC 
signal proportional to the RF level in the module is fed 
to AGC driver circuit 416. 

AGC driver circuit 416 outputs signal 417 to adjust 
the gain in push-pull transimpedance amplifier 402 and 
signal 418 to adjust the attenuation of attenuator 405 as 
necessary to obtain a desire^ 
Thus, the level control oTthTpresenTreceiver is imple- 
mented in two stages, although the invention is not 
limited in this respect. The first stage is the gain control 
stage in the push-pull transimpedance receiver. The 
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purpose of this stage is to maintain a specified minimum provided between the drain ("D") terminal of field 

output level from the transimpedance receiver. It is effect transistor Q120 by feedback resistor R121. 

desirable to maintain a specified minimum output level The gate of field effect transistor Q120 is connected 

from the transimpedance receiver in order to obtain a to the incoming RF signal passing through blocking 

high system carrier-to-noise ratio. The first stage pro- 5 capacitor CI01. The DC voltage which is applied to the 

vides about a 6 dB range of gain control. The second gate of field effect transistor Q120 is effectively con, 

gain control stage in the AGC system is attenuator 405. trolled by a bias regulating circuit built around transis- 

This second stage maintains a constant output level and tor QUO. The base of transistor QUO is connected to 

provides additional range for the AGC system. In a ground through resistor R17 and to > the +12 > volt power 

preferred embodiment, there is approximately 8 dB of 10 supply through resistors R16 and I R15. R15, 16 and 17 

attenuation control in attenuator 405. A switch may be « selected to provide an input bias reference voltage 

used to switch to manual mode. In manual mode, poten- to the base of transistor QUO of approximately + 3 

tiometer 419 is set to control the gain. ^\ts. The collector of transistor QUO is connected o 

A single carrier pilot type AGC maintains a constant ground through blocking capacitor C104 and to a -15 

RF channel level at the output of the receiver. The " volt DC supply through resistors R103 and MUf The 

primary advantages of this technique are a constant RF coltoctor of transistor ^ ll n ° * ^ f * e 
u^eve^ 

by the receiver amplifier and post-amphfier. The RF through resistor R107 and back to the drain of 

channel output level of the receiver remains consent £ ^ h ^ L1Q8 

with variations in received optical power, modulation ^ ^ ef|endalI J? open ^J, iQ radio frcqucncy 

mdex and channel loading. ^ ds p aths t0 d from ^ emjtter of transistor 

FIG. 5 is a bl^k diagram of AGC control 412 for the « 1Q m ^ blockin hor C106 ^ a 

r ^l VC ^ 0f FIG ;-^ 11 IS 1 ? channel from mter 414 ^ ^ CR130 wWch ^ normaU cmfactMt and 

(FIG. 4) is supplied to RF detector 515 RF detector ^ functions to ^ ^ source to drain vo!tage of Q120 

515 provides a signal that is proportional to the enve- d . ^ ON/0FF during interruptions, 

lope of the detected RF signal. The signal passes to peak Xransistor Q120 is a gallium arsenide field effect transis- 

dctector 525. Peak detector 525 converts the envelope t0f (GAS p ET) witn a max imum voltage rating of 5 

signal to a constant DC signal whose amplitude is pro- volts 

portional to the peak of the envelope signal. After peak 30 Jn ^ above circuit> the base to emitter voltage drop 

detector 525, the signal passes to integrator 526. Inte- across ^ trans i stor quo is approximately 0.7 volts, 

grator 526 effectively slows down the response time of j^vs* if the transistor is conducting, the voltage at the 

the AGC circuit so that the signal level at the output of em i t ter of transistor QUO will be approximately +3.7 

the receiver does not vary rapidly.. The signal then goes volts. 

through the auto/manual select switch 527. When the 35 j n t j, e above circuit, the inductor L108 is constructed 

switch is in the auto position, the output of integrator to behave as short circuit to DC signals and as a pure 

526 provides a control signal for automatic gain control resistive component to AC signals at the radio frequen- 

operation. When the switch is in the manual position, a des m qucs tion (i.e., over 50 Mhz). Preferably, L108 

DC voltage provided by a manually adjusted potenti- w m appear to be a resistive impedance of approximately 

ometer 419 sets the gain. The DC signal from the autoA 40 600 to 700 ohms at frequencies in the 50 Mh2 to 550 

manual select switch is the gain control signal. The gain range. The inductor L108 may be formed of five 

control signal is input to attenuator drive circuit 530 and 0 f #30 enamel wire. 

transimpedance receiver gain drive circuit 531. The dram terminal of field effect transistor Q120 is 
FIG. 6 is a schematic diagram of a transimpedance connected to terminal 301 at the primary winding of 
receiver used with the present invention. Referring to 45 output transformer 300 via a high impedance buffer 
the Figure, a photodetector, which is preferably a pho- amplifier stage. This buffer amplifier stage includes a 
todiode 620, receives an optical input signal transmitted transistor Q140 whose sources are connected to ground 
to it by optical fiber 18a (see FIG. 1). Cathode terminal through resistor R133 and resistor R134. A radio fre- 
611 of the photodiode 620 is connected through resistor quency path to ground is provided from a point in the 
Rl to a DC voltage which in the preferred embodiment 50 circuit between resistor R133 and R134 by blocking 
is + 15 Volts. Anode terminal 613 of the photodiode 620 capacitor C132. The drain of transistor Q140 is con- 
is connected through a resistor R2 to ground. Terminal nected to terminal 301 at the primary winding of the 
611 of photodiode 620 feeds first transimpedance ampli- output transformer 300 and the gate of transistor Q140 
fier 600 through capacitor C101. Similarly, the other is connected to the drain terminal of field effect transis- 
terminal 613 of photodiode 620 feeds second tran- 55 torQ120. 

simpedance amplifier 601 through blocking capacitor The output transformer 300 is a ferrite core trans- 

C201. Both of these transimpedance amplifiers 600 and former which is similar to the type commonly used for 

601 are configured identically, and the following de- broadband amplifier applications. The terminal 303 at 

scription of the transimpedance amplifier 600 also ap- the primary winding of the output transformer is con- 
plies to the transimpedance amplifier 601. In this regard 60 nected to the output of the other transimpedance ampli- 

it will be noted that the tens and units digits of the fier 501. The center tap terminal 302 at the primary 

identification number of each component in amplifier winding is connected to the +15 volt power supply 

600 are identical to the tens and units digits of the identi- through resistors R312 and R311 and to ground through 

fication numbers in corresponding components of the blocking capacitor C313. The transformer 300 prefera- 
amplifier 601. 65 bly has a 2 to 1 turns ratio or a 4 to 1 impedance ratio. 

Transimpedance amplifier 600 is built around field The transformer 300 acts to transform the unbalanced 

effect transistor Q120, the source ("S") terminals of load impedance at its output terminals 305 and 304 to a 

which are connected to ground. A feedback path is balanced load for the drains of transistors Q140 and 
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Q240. The circuitry connected to the center tap termi- plied as indicated. CR1 is a detector diode. CR2 is a 

nal 302 of the primary winding of the transformer pro- matched diode. The output of the envelope detector has 

vides an AC short to ground at that point and also a a DC bias on it. The second diode has the same DC bias 

path for the DC bias voltage to the drain of transistor on it. The first DC bias is subtracted from the second 

Q140. 5 DC bias to compensate for drifts due to temperature, 

Blocking capacitor C317 provides a path from termi- aging, etc. The RF envelope is provided at the output of 

nal 304 to ground for RF signals, and blocking capaci- op amp 810. Op amp 815 is part of peak detector 525. 

tor C310 provides a path for the radio frequency signal The RF envelope is a function of the RF modulation, 

to the output terminals of the receiver. The output of i.e., the picture. A horizontal sync pulse is followed by 

the receiver may, optionally, be connected to equal iza- 10 picture information. Op amp 815 is used to determine 

tion network 400 comprising resistor 401 connected in the maximum level, i.e., the level of the horizontal sync 

aeries to comparator C403 which in turn is connected pulse. The peak detector will slowly follow any drift in 

through resonating inductor L402 to ground. The maximum signal level. The output of op amp 815 is 

equalization network 400 is utilized to correct for out supplied to op amp 825 of integrator 526. A fixed volt- 

any nonlinearities in the response of the receiver caused 15 age is supplied to one input and the voltage on the other 

by imperfections in the remainder of the circuitry. input is output of peak detector 525. The output of 

With feedback resistor R121 of transimpedance FET integrator 526 is the integral of the difference between 

Q120 fixed, for a given optical signal incident on photo- these signals. This output is known as the error voltage 

diode 520, a given RF level is provided by FET Q120. and is measure of the difference between the two input 

If the optical input level changes, the RF output level 20 signals. 

will change correspondingly. After the bufTer amplifier, This error signal is the signal which eventually ad- 
gain control is performed. justs all the AGC control lines. By varying the auto 
The transimpedance receiver of the present invention adjust potentiometer 870, the DC voltage supplied to 
also includes automatic gain control circuitry. A DC the negative input of op amp 825 is made larger or 
control voltage is input on the RF output line. In the 25 smaller and thus, the error voltage is made larger or 
present receiver, the DC control voltage is the output smaller. This generates a larger or smaller voltage signal 
of TIR gain drive 531 (FIG. 5). Capacitor C310 pre- controlling the transimpedance receiver and the attenu- 
vents the DC voltage from affecting the RF output ator. That is, given the peak detector output, by varying 
transistors Q140 and Q240. The DC voltage serves to the potentiometer, the attenuators can be made to sit at 
bias pin diode CR417 through resistors R615 and R616. 30 different levels. This permits calibration of the RF out- 
Pin diode CR417 AC couples (due to the presence of put at a given time at some given level. For example, if 
capacitor C418) the sources of output FETs Q140 and the RF input is 17 dBrav, the gain of the transimpedance 
Q240. When diode CR417 is OFF and offers a high receiver may be at 6 dB and the attenuator of the attenu- 
impedance, it has no effect and the transimpedance ation at 0 dB. 

receiver operates at maximum gain. As diode CR417 35 The error voltage goes to the auto/manual switch 

turns ON when the DC control voltage increases, diode 527. The switch selects whether gain control will be 

CR417 appears as a lower impedance and the degenera- based on the error voltage or on the voltage as deter- 

tion in the shunt leg of transistors Q140 and Q240 in- mined by the manual mode potentiometer 419. 

creases, i.e., the gain of transistors Q140 and Q240 is In the present embodiment, the operating range for 

decreased. The output level may thus be varied by 40 linear control of the diode circuits of the transimped- 

varying the gain of the output transistors Q140 and ance amplifier and the pin attenuator is between -5 

Q240 through varying the bias of diode CR417 in accor- volts and + 5 volts. That is, when the error voltage or 

dance with the output of TIR gain drive 531. the voltage determined by potentiometer 896 (hereinaf- 

FIG. 7 is a schematic diagram of the attenuator 405 ter "control signal") is between -5 volts, the gain of 
and its associated circuitry. The portions of the sche- 45 the transimpedance receiver and the attenuator of the 
matic diagram corresponding to blocks in the block attenuation are controlled. Outside of this range, an 
diagram have been identified using the same reference indicator such as an alarm may be provided to an opera- 
numbers, tor. 

The attenuator control signal 418 from attenuator The output of op amp 858 is supplied to the TIR gain 

drive 530 determines the attenuation of attenuator 405 50 control and the output of op amp 859 goes to the pin 

which, as shown in FIG. 7, is a pin attenuator. The attenuator control. These are the actual drive voltages 

resistance of a pin diode is a function of the current for those attenuators. When the control signal to the 

passing through it. By appropriately controlling that inputs of these op amps is between about -5 volts and 

current, the attenuation can be controlled. That is, by about 0 volts, the output of op amp 858 will vary and 

controlling the attenuator control signal 418, the cur- 55 control the gain of the transimpedance receiver accord- 

rent through the respective pin diodes is varied in oppo- ingly; The output of op amp 859 when the control signal 

site directions and the attenuation is changed. This is in the range between -5 and 0 remains constant at a 

changes the RF level of the signal passing through by voltage at which the pin attenuator has minimum atten- 

pin attenuator 405. uation. As the control signal varies from 0 to +5 volts, . 

Similarly, control signal 417 controls the gain of the 60 the output of op amp 859 changes to vary the attenua- 

transimpedance receiver. As discussed above, the RF tion of the attenuator from minimum to maximum atten- 

output line of the transimpedance receiver has a DC uation. In this range, the output of op amp 858 remains 

control signal superimposed thereon for controlling the constant and the gain of the transimpedance receiver 

gain of the amplifier thereof. The relationship of the remains at a minimum. 

transimpedance receiver control signal 417 and the pin 65 FIG. 9 graphically illustrates the implementation of 

attenuator control signal 418 will be explained below. gain control in accordance with the present invention. 

FIG. 8 is a schematic diagram of components shown The Figure illustrates a graph of the receiver input 

in FIG. 5. With reference to FIG. 8, RF input is sup- signal level versus the transimpedance receiver gain and 
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pin attenuator loss. As shown by the solid line, as the detecting means for detecting the composite electri- 

recciver input signal level is initially increased from cal signal output by said second level setting circuit 

some initial value, the gain of the transimpedance re- and outputting a control signal based on a compos- 

ceiver is decreased. This maintains a constant output ite level of the detected electrical signal; and 

signal level from the transimpedance receiver as shown 5 adjusting means responsive to the control signal for 

by the dashed line and also maintains a constant output adjusting said first and second level setting circuits, 

signal level from the receiver module. It can be seen 2. The transmitter in accordance with claim 1, 

with reference to the dot-dash line that during this ini- wherein said first and second level setting circuits com- 

tial increase, the pin attenuator loss remains constant at prise attenuation circuits. 

its minimum value. 10 ^ ^ e tranmsitter in accordance with claim 1, 
When the gain of the transimpedance receiver has wherein said first and second level setting circuits corn- 
been controlled to its minimum value, further increases P* 31 attenuators. 

in the receiver input signal level will result in an in- 4 - ^ transmitter in accordance with claim 3, 

crease in the signal level output of the transimpedance wherein said pin attenuators each compose a bridged 

receiver as shown by the dashed line. However, at this 15 T ^ e l wprk * , . , . . , r , 

point the pin attenuator begins to attenuate as shown by 5 - The transmitter in accordance with claim 1, further 

the dot-dash line. This acts to maintain a constant re- comprising. _ - _ 

ceiver output signal level as shown by the dotted line, a first "^f connected between said first and 

even thouji thToutput of the transimpeoance receiver S££S^ 

is increasing. Accordingly, the receiver output signal ™ Mtfoa circuit and 

level remains constant over a wide range of input signal & ^ ^ • ^ ^ second 

f r ^ r * r *u * • C l„ level setting circuit and said laser for amplifying 

A further feature of the present mvention is a fiber ^ ^ 

system in which a composite power type AGC is imple- 2$ Qnd ^ g dfcuit 

mentedmayansmitteranda^ 6 The trjmsmittcr in accordancc with claim 1, 
implemented in a receiver. The importance of headend whefein ^ detectin means compris es: 
signal level maintenance on the performance of a fiber de tector diodes for detecting the composite electrical 
system, including the AM fiber link, is cntical and sta- gi - QUt t by gai{J ^ emd level setting circuit . 
bility can be augmented by the use of a composite 3() a comparator for comparing the detected signal re- 
power sensing AGC in the transmitter. In a receiver, ceived at a flfSt mput with a rc f erence signal re- 
signal levels can best be stabilized versus optical loss at a second input m6 outputting signals 
variation, channel loading variations, and equipment corresponding to changes in a level of the detected 
changes by the use of a pilot carrier AGC. A pilot signal; 

carrier type AGC can result in increased system distor- 35 an mtegra tor for integrating the signals output by said 

tion if channel loading increases. However, when using comparator; and 

a transmitter with composite power AGC distortion amplifying means for amplifying the integrated sig- 

remains unchanged. Thus, a system operator has great na j s t0 generate the control signal, 

flexibility in adding channels without degrading system 7. The transmitter in accordance with claim 1, further 

performance. 40 comprising: 

The use of pilot carrier AGC in the receiver offers means, responsive to a user setting, for generating a 

additional benefits in multiple band systems such as that signal supplied to the first input of said com- 

illustrated in FIG. 1. This AGC approach maintains parator to thereby generate a control signal for 

consistent RF channel level between bands. Thus, adjusting said first and second level setting circuits; 
changes in the number of channels carried by the bands 45 

do not affect the channel levels in the different bands. a switch for selectively providing the user signal or 

Although the present invention has been described in the detected signal to the first input of said compar- 

connection with preferred embodiments, it will be ap- a tor. 

parent that numerous adoptions and modifications may g. The transmitter in accordance with claim 7, 
be made thereto without departing from the spirit and 50 wherein said means responsive to a user setting corn- 
scope of the invention, as set forth in the following prises a potentiometer. 

claims. 9. The transmitter in accordance with claim 1, 

We claim: wherein said adjusting means comprises a first adjusting 

1. A transmitter for use in a fiber communications circuit responsive to the control signal for adjusting the 
system, comprising: 55 level set by said first level setting circuit and a second 

an input terminal for receiving a composite electrical adjusting circuit responsive to the control signal for 

signal; adjusting the level set by said second level setting cir- 

a first level setting circuit for variably setting a level cuit 

of the composite electrical signal supplied to said 10. The transmitter in accordance with claim. 1, 

input terminal; 60 wherein the received composite electrical signal is a 

a second level setting circuit for variably setting a CATV signal. 

level of a composite electrical signal output by said 11. A receiver for use in a fiber communications sys- 

first level setting circuit; tem, comprising: 

a laser responsive to a composite electrical signal a photodetector for converting a received optical 

output by said second level setting circuit for out- 65 signal to a composite electrical signal; 

putting a modulated optical signal corresponding a variable gain amplifier for variably amplifying the 

to the composite electrical signal supplied to said composite electrical signal output by said photode- 

input terminal; tector; 
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a level setting circuit for variably setting a level of a 
composite electrical signal output by said variable 
gain amplifier; 

an output terminal for outputting a composite electri- 
cal signal output by said level setting circuit as an 
output composite electrical signal corresponding to 
the received optical signal; 

detecting means for detecting the composite electri- 
cal signal output by said level sitting circuit and 
outputting a control signal based on a level of a 
pilot portion of the detected electrical signal; and 

adjusting means responsive to the control signal for 
adjusting said variable gain amplifier and said level 
setting circuit. 

12. The receiver in accordance with claim 11, 
wherein said variable gain amplifier comprises a vari- 
able gain transimpedance amplifier. 

13. The receiver in accordance with claim 11, 
wherein said level setting circuit comprises an attenua- 
tion circuit. 

14. The receiver in accordance with claim 11, 
wherein said level setting circuit comprises a pin attenu- 
ator. 

15. The receiver in accordance with claim 11, 
wherein said adjusting means comprises a first adjusting 25 
circuit for generating a first signal to adjust the gain of 
said variable gain amplifier and a second adjusting cir- 
cuit for generating a second signal to adjust the level set 
by said level setting circuit. 

16. The receiver in accordance with claim 15, 30 
wherein said first adjusting circuit adjusts the gain of 
said variable gain amplifier while the level set by said 
level setting circuit is constant 

17. The receiver in accordance with claim 15, 
wherein said second adjusting circuit adjusts the level 35 
set by said level setting means while the gain of said 
variable gain amplifier is constant. 

18. The receiver in accordance with claim 11, 
wherein said detecting means comprises: 

a filter for filtering the pilot portion from the compos- 
ite electrical signal output by said level setting 
circuit 

19. The receiver in accordance with claim 18, 
wherein said detecting means further comprises: 

a detector for generating an envelope signal propor- 
tional to the envelope of the pilot portion of the 
composite electrical signal output by said level 
setting circuit; 

a peak detector for generating an output signal pro- 
portional to the peak of the envelope signal; 

an integrator for integrating the output signal of said 
detector to provide the control signal. 

20. The receiver in accordance with claim 19, further 
comprising: 

means, responsive to a user setting, for generating a 
control signal for adjusting said variable gain am- 
plifier and said level setting circuit; and 

a switch for selectively providing the user control 
signal or the output of said integrator to said adjust- 
ing means. 

21. The receiver in accordance with claim 19, 
wherein said adjusting means comprises: 

a first adjusting circuit responsive to the control sig- 
nal for adjusting the gain of said variable gain am- 
plifier; and 

a second adjusting circuit responsive to the control 
signal for adjusting the level set by said level set- 
ting circuit. 
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22. The receiver in accordance with claim 21, 
wherein the control signal output by said detecting 
means varies from a first to a second voltage and 
wherein 

said first adjusting circuit adjusts the gain of said 
variable gain amplifier from an initial value to a 
minimum value when the control signal varies 
from the first voltage to a third voltage intermedi- 
ate the first and second voltages; and 
said second adjusting circuit adjusts the level set by 
said level setting circuit from a minimum attenua- 
tion to a maximum attenuation when the control 
signal varies from the third voltage to the second 
voltage. 

23. The receiver in accordance with claim 22, 
wherein the gain of said variable gain amplifier remains 
at the minimum value when the control signal varies 
from the third voltage to the second voltage and the 
attenuation of said level setting circuit remains at the 
minimum attenuation when the control signal varies 
from the first voltage to the third voltage. 

24. A receiver for a fiber communications system 
comprising first and second receiving units for receiv- 
ing respective optical signals and outputting respective 
composite electrical signals and a combiner for combin- 
ing the outputs of said first and second receiving units 
into a single output composite electrical signal, each of 
said first and second receiving units comprising a photo- 
detector for converting a received optical signal to a 
composite electrical signal, a variable gain amplifier for 
variably amplifying the composite electrical signal out- 
put by said photodetector, a level setting circuit for 
variably setting a level of a composite electrical signal 
output by said variable gain amplifier, detecting means 
for detecting the comjposite electrical signal output by 
said level setting circuit and outputting a control signal 
based on a level of a pilot portion of the detected electri- 
cal signal, and adjusting means responsive to the control 

40 signal for adjusting said variable gain amplifier and said 
level setting circuit. 

25. A fiber optics communications system, compris- 
ing: 

a transmitter for transmitting an optical signal, said 
transmitter comprising: 

an input terminal for receiving a composite electri- 
cal signal; 

level setting circuitry for variably setting a level of 
the composite electrical signal supplied to said 
input terminal; 
a laser responsive to a composite electrical signal 
output by said level setting circuitry for output- 
ting a modulated optical signal corresponding to 
the composite electrical signal supplied to said 
input terminal; 
detecting means for detecting the composite elec- 
trical signal output by said level setting circuitry 
and outputting a control signal based on a com- 
posite level of the detected electrical signal; and 
adjusting means responsive to the control signal for 
adjusting said level setting circuitry; and 
a receiver for receiving the optical signal transmitted 
by said transmitter, said receiver comprising: 
a photodetector for converting the received optical 

signal to a composite electrical signal; 
level setting circuitry for variably setting a level of 
a composite electrical signal output by said pho- 
todetector, 
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an output terminal for outputting a composite elec- 
trical signal output by said level setting circuitry 
as an output composite electrical signal corre- 
sponding to the received optical signal; 5 
detecting means for detecting the composite elec- 
trical signal output by said level setting circuitry 
and outputting a control signal based on a level 
of a pilot portion of the detected electrical signal; 
and 10 
adjusting means responsive to the control signal for 
adjusting said level setting circuitry. 
26. A transmitter for use in a fiber communications 
system, comprising: * 15 
an input terminal for receiving a composite electrical 
signal; 

a first level setting circuit for variably setting a level 
of the composite electrical signal supplied to said 
input terminal; 20 

a first amplifier for amplifying an output signal of said 
first level setting circuit; 

a second level setting circuit for variably setting a 
level of an output signal of said first amplifier; ^ 

a second amplifier for amplifying an output signal of 
said second level setting circuit; 

a laser responsive to a signal output by said second 
amplifier for outputting a modulated optical signal 
corresponding to the received composite electrical 30 
signal; 
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detecting means for detecting the signal output by 
said second amplifier and outputting a control sig- 
nal based on a level of the detected signal; and 

adjusting means responsive to the control signal for 
adjusting said first and second level setting circuits. 

27. The transmitter in accordance with claim 26, 
wherein said detecting means detects the composite 
electrical signal output by said second amplifier and 
outputs a control signal based on a composite level of 
the detected electrical signal. 

28. A receiver for use in a fiber communications sys- 
tem, comprising: 

a photodetector for converting a received optical 
signal to a composite electrical signal; 

a first variable gain amplifier for amplifying the com- 
posite electrical signal output by said photodetec- 
tor; 

a level setting circuit for setting a level of an output 
signal of said variable gain amplifier, 

a second amplifier for amplifying an output signal of 
said level setting circuit; 

an output terminal for outputting a signal output by 
said second amplifier; 

detecting means for detecting the signal output by 
said second amplifier and outputting a control sig- 
nal based on a level of a pilot portion of the de- 
tected signal; and 

adjusting means responsive to the control signal for 
adjusting said variable gain amplifier and said level 
setting circuit. 

***** 
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